, and data not shown). connect in series with them (Kachar et al., 2000) . Localization data necessarily fall short, however, of demonstrating that Myo1c actually mediates adaptation.
Y61G Is Expressed in Hair Cells

To test the hypothesis that Myo1c participates in ad-
of Transgenic Mice aptation, we have applied a chemical-genetic strategy
To apply this inhibitor-sensitization strategy to hair cells, for selectively inhibiting its motor activity. We designed we generated transgenic mice that expressed Y61G-a mutation in Myo1c, Y61G, that greatly increased its Myo1c. We sought to ensure that the levels and cellular sensitivity to inhibition by N 6 -modified ADP analogs (Gildistribution of Y61G-Myo1c expression were similar to lespie et al., 1999). This scheme is based on similar those of endogenous, wild-type Myo1c. To do so, we strategies for modifying other nucleoside triphosphafused ‫6ف‬ kbp of mouse Myo1c 5Ј genomic DNA, includtases, such as conversion of GTPases to XTPases ing the first coding exon and part of the second, to a (Rybin et al., 1996) , and modification of protein kinases cDNA encoding rat Myo1c (Figure 2A Figure 1A) .
total Myo1c transcript population in the lung and ‫%56ف‬ When we mutated the homologous tyrosine residue in in the utricle ( Figure 2B ). Myo1c (Y61) to glycine, the resulting Y61G-Myo1c hyTo confirm expression of Y61G-Myo1c in transgenic drolyzed ATP with velocity and kinetics similar to those hair cells, we purified hair bundles ( Figure 2C ) from wildof wild-type Myo1c (Gillespie et al., 1999). The Y61G type and transgenic mice. Using a sensitive pan-Myo1c substitution expanded the nucleotide binding pocket, antibody and standardizing to the amount of bundle permitting N 6 -modified nucleotide analogs such as actin, we found that bundles from Y61G-9018 transgenic NMB-ADP ( Figure 1B ) to bind to Y61G-Myo1c much mice had ‫%53ف‬ more Myo1c than did bundles from more tightly than to wild-type. An ADP analog is the wild-type mice ( Figure 2D ). In addition, bundles from most appropriate inhibitor, since it should cause myosin Y61G-33 transgenic mice had ‫%56ف‬ more total Myo1c to remain tightly bound to actin in a rigor-like state than bundles from wild-type littermates (data not (Figures 6C and 6D) .
to its rest position, large overshoot currents appear that result from the amount of negative adaptation that ensued Finally, we analyzed adaptation in Y61G transgenic hair cells with NMB-ADP in the recording pipette before during the prior negative deflection ( Figure 7A ). Adaptation to negative deflections was particularly sensitive to NMBthe nucleotide had time to diffuse to the stereocilia (Figures 4E-4H, thin traces) . We observed robust transduc-ADP in hair cells expressing Y61G-Myo1c; the current overshoots disappeared over the course of the experiment tion and adaptation in most hair cells, indistinguishable backs. N 6 -modified ADP analogs are negatively charged and must be introduced into cells by whole-cell dialysis, microinjection, or cell permeabilization. Cells also may convert the diphosphate analogs into triphosphates, changing their physiological effects. We circumvented these drawbacks here by studying one cell at a time; we could easily set the cytoplasmic nucleotide concentration and avoid metabolic conversion by dialysis with the recording electrode. We also presumably avoided adenylate kinase conversion of the analog (Gillespie and Hudspeth, 1993) by including a high concentration of ATP in the pipette, which should inhibit binding of NMB-ADP molecules to adenylate kinase (Shioda et al., 1991) .
Mutant Myo1c Participates in Slow Adaptation
Because the adaptation-motor complex is thought to contain dozens of myosin molecules, insertion of Y61G-Myo1c into the complex should sensitize adaptation to NMB-ADP. Indeed, NMB-ADP largely blocked the hair cell's ability to adapt to mechanical stimuli in transgenic mice expressing Y61G-Myo1c. The effects of NMB-ADP were not due to overexpression of the mutant myosin for two reasons: first, overall expression levels were low, relative to wild-type Myo1c; second, adaptation in transgenic mice expressing a wild-type version of the transgene was entirely normal, even with NMB-ADP present. Because the biochemical properties of Y61G-Myo1c are otherwise very similar to those of the wildtype myosin (Gillespie et al., 1999), we conclude that Myo1c must be part of the adaptation-motor complex.
An alternative interpretation remains possible: perhaps Y61G-Myo1c does not actively participate in adaptation, but instead resides along the actin tracks of the adaptation-motor complex. NMB-ADP would immobilize these myosin molecules, blocking movement of the would not be mechanically coupled to the adaptation motor; the motor might just step around them. Instead, the Because the motor presumably requires ATP-dependent motility to move it to the site of adaptation, inactivamost likely explanation is that Myo1c is an integral part of the adaptation motor and participates in adaptation. tion of Myo1c's native ATPase activity would be undesirable in our experiments. On the other hand, the choice We were surprised by two features of the block of adaptation by NMB-ADP in Y61G hair cells. First, transduction of a modified nucleotide for the inhibitor has some draw- isozymes in multiple cell types, and-with appropriate
